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针对上述问题，本论文在分别或同时添加 Bi、Te 情况下制备了一系列 SiO2负载的
氧化钼基催化剂，并对此进行了研究。首先对比考察了 Bi、Te 组分对 MoO/SiO2 催化剂
结构性质和催化性能的影响。随后对活性较高的 MoBi0.05/SiO2 催化剂添加 Te 组分进行
调变，获得了较好的丙烯醛收率。在此基础上，采用 XRD、Raman、in-situ Raman、XPS、
NH3-TPD 等技术研究了 MoBiTeO/SiO2 催化剂中组分的作用和富 Te 催化剂在反应过程
中的重构现象。最后，考察了 V 组分的促进作用。主要研究结果如下： 
在 MoO/SiO2催化剂中添加适量的 Bi 和 Te 组分能显著提高催化剂的丙烯醛选择性
和收率。在最佳反应条件下（550 oC，C3H8/O2/N2 = 1.2/1/4，空速为 7200 mL·(g-cat)-1·h-1，
8 mm 内径反应管），负载量为 8 mol%的 MoBi0.05Te0.05/SiO2 催化剂的丙烯醛收率为 12.3 
%。研究表明，MoBiTeO/SiO2 催化剂中组分 Mo 和 Te 之间可能形成了 Mo-O-Te 键，生
成 Te 多钼酸盐物种，这在一定程度上分散了钼氧活性中心。此外，Te 具有脱除丙烯 α-H、
插氧并转化为丙烯醛的功能。Bi 组分掺杂于 Te 多钼酸盐物种中，由于 Bi3+和 Te4+具有
相近的离子半径，可能发生了 Bi3+对 Te4+的部分取代，使催化剂中生成了阴离子空位，
从而促进晶格氧的迁移和催化剂性能的改善。不过 Bi，Te 的加入会使丙烷转化率降低，
同时 Te 含量的增加会使催化剂的 B 酸增强，不利于丙烯醛生成，因此，Bi 和 Te 的添
加量均有一个最佳范围。 
碲含量较高的 MoBi0.05Te1/SiO2 和 MoTe1/SiO2 催化剂在 570 oC 反应条件下长时间反
应时，催化剂表面结构会发生重构，部分 Te 多钼酸物种结构崩塌，生成 MoO3，同时丙
烷转化率和丙烯醛选择性增加。研究表明，TeOx 物种的易还原性和金属 Te 的易流失性




















The selective oxidation of propane to acrolein is an important reaction for the utilization 
of light alkanes and has been attracting a lot of attention in both academia and industry. This 
process, however, is usually accompanied by many difficulties resulting from the higher 
reactivity of acrolein than propane under the reaction conditions. A better understanding of the 
roles of the constituent elements and the relationship between the structure and performance 
of catalyst is the key for the design of the active and selective catalysts. 
In the present work, a series of SiO2 supported Mo oxide catalysts containing Bi and/or 
Te were prepared and studied for selective oxidation of propane to acrolein. In order to reveal 
the relationship of the catalytic performance with its physicochemical properties, the catalysts 
were characterized by XRD, Raman, in-situ Raman, XPS, H2-TPR, NH3-TPD and IR 
techniques. Furthermore, the effect of V on the catalytic performance and structure of 
MoBiTeO/SiO2 catalyst were also investigated. The main results are summarized as follows: 
The addition of right amount Bi and Te to MoO/SiO2 catalyst could greatly promote the 
catalytic performance for selective oxidation of propane to acrolein. Under the optimized 
reaction conditions (550 oC，C3H8/O2/N2=1.2/1/4，7200 mL·(g-cat)-1·h-1, 8 mm diameter 
reactor), MoBi0.05Te0.05/SiO2 catalyst exhibited the best catalytic performance (YACR.=12.3%). 
The characterization results indicated that there existed strong interaction between Mo oxide 
and Te oxide in MoBiTeO/SiO2 catalyst. By the Mo-O-Te bond the formed Te-polymolybdate 
species improved the dispersion of Mo oxide active center. Besides, Te showed the ability of 
α-H abstracting of propene and O-insertion to allyl. Bi component was supposed to dope in 
Te-polymolybdate species and some of Te4+ sites were replaced by Bi3+ cations, which 
promoted the mobility of lattice oxygen and catalytic performance. 
The active surface reconstruction was observed on MoBi0.05Te1/SiO2 during propane 
partial oxidation to acrolein after a period of reaction time at 570 oC, correspondingly, both 
propane conversion and acrolein selectivity increased. The characterizations showed that 
some of tellurium was volatilized during reaction and such volatilization caused the active 
surface reconstructed, namely part of Te-polymolybdate was destroyed and some of MoO3 
formed. The synergy effect between Te-polymolybdate and MoO3 might be the reason of the 
increased catalytic performance. The study of the reference system (Te2MoO7 or TeMo5O16，
MoO3) indicated the synergy effect might due to MoO3 facilitate the adsorption of 
intermediate propene and the subsequent conversion to acrolein. Besides, MoO3 also could 
activate propane. 
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